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Preliminary findings in quantification of changes
in septal motion during follow-up of type B aortic
dissections
Christof Karmonik, PhD, Cassidy Duran, MD, Dipan J. Shah, MD, Javier E. Anaya-Ayala, MD,
Mark G. Davies, MD, Alan B. Lumsden, MD, and Jean Bismuth, MD, Houston, Tex
Objective: To quantify longitudinal changes in intra-arterial septum (IS) motion with two-dimensional (2D) phase-
contrast magnetic resonance imaging (2D pcMRI) in type B aortic dissections (AD) to improve the understanding of AD
and its midterm development.
Methods: From a database of 42 patients who underwent a dynamic magnetic resonance imaging (MRI) examination at the
Acute Aortic Treatment Center of TheMethodist DeBakeyHeart &Vascular Center, 2D pcMRI image data was available
from 10 patients with type B AD for both short-term (mean, 6.6 days; range, 1-10 days; n  7) and midterm follow-up
(mean, 155 days; range, 60-324; n  5). IS motion was quantified as motion of IS boundary points averaged over the
cardiac cycle. Relative change in ISmotion was expressed as percent change compared with initial presentation.Maximum
IS extension (true lumen [TL] expansion) and contraction (TL compression), IS fraction in phase with aortic flow and
correlation of IS motion with aortic flow (IS compliance) were quantified.
Results: IS motion at initial presentation was 0.68  0.2 mm and was reduced at short-term (0.48  0.3 mm; P  .07)
and midterm (0.5  0.2 mm; P  .1) follow-up. Trend in relative change of IS motion was variable during short-term
follow-up: reduced in three subjects (75% 6%) and elevated in four subjects (48% 23%). During midterm follow-up,
relative change in IS motion was reduced in four subjects (28% 19%) and slightly elevated in one (6.2%). IS contraction
decreased with follow-up while IS extension slightly increased. Fraction of IS moving in phase with aortic flow increased
but IS compliance decreased, suggesting increasing IS stiffness.
Conclusions:Reduction of ISmotion in AD is seen with short-term andmidterm follow-up. Intersubject variability of this
trend is high at short-term follow-up but low at midterm follow-up. Detailed analysis of IS motion parameters indicate
reduction of IS contraction and IS compliance with time. This has potential implications for endovascular management
of type B aortic dissections, as expansion of aortic stent grafts can be limited by a stiff IS. (J Vasc Surg 2012;55:
1419-26.)
Clinical Relevance: The management algorithm for type B aortic dissections has remained essentially unchanged over the
past several decades despite advances in both imaging technology and options for endovascular management of the aorta.
In part, this may be due to the underutilization of dynamic imaging modalities with their potential to evaluate the
diseased aorta on an individualized basis. Although intra-arterial septum (IS) stiffness has long been accepted as a marker
for chronicity of a dissection, changes in IS mobility over time have not yet systematically been investigated. In this study,
we have demonstrated that IS motion can be quantified with dynamic magnetic resonance imaging methods (in
particular, two-dimensional phase-contrast magnetic resonance imaging). The first results presented here indicate that IS
motion may be reduced over time, reaching statistical significance at long-term follow-up. Variable behavior at
presentation and midterm also indicate that basing management on our current definitions of acute and chronic based on
time since presentation alone may not be reasonable. These patterns could determine which patients are more likely to
benefit from interventions and which are likely to have poor outcomes from thoracic endovascular repair.
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dMagnetic resonance imaging (MRI) for the diagnosis
of aortic dissections (AD) is one of the most sensitive and
specific imaging modalities currently clinically available.1-3
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doi:10.1016/j.jvs.2011.10.127he aorta is a dynamic structure, but traditional and still
ost commonly used imaging techniques, such as ungated
omputed tomographic angiography (CTA) capture static
mages. Image acquisition gated to the cardiac cycle allows
dynamic visualization of aortic wall motion, thereby dem-
nstrating potential dynamic obstructions of branch vessels
n the acute setting, confirming patency or thrombosis of
he false lumen, and quantifying the mobility of the intra-
rterial septum (IS). Pathologic confirmation of IS “stiff-
ess” secondary to granulation tissue and fibrosis has been
ppreciated at autopsy for over fifty years.4,5 It is generally
ccepted that reductions in IS mobility visualized through
ynamic imaging is an indicator of the chronic status of a
issection. Only recently have longitudinal changes in IS
obility over time been systematically addressed in the
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May 20121420 Karmonik et alliterature. A recent electrocardiogram (ECG)-gated com-
puted tomography (CT) study, for example, showed an
average decrease of 29% of the true lumen (TL) short axis
diameter in 32 patients diagnosed with chronic type BAD.6
Recent concern of consecutive radiation exposure with
chest and abdomen CTs, however, render this approach
unsuitable for repeated midterm follow-up examinations.
In the study described herein, a newmethodology based on
2D ECG-gated phase-contrast magnetic resonance imag-
ing (2D pcMRI)7 is presented and is illustrated for quanti-
fying IS mobility in 10 patients diagnosed with type B AD
who underwent a dynamic MRI examination both at initial
presentation and at a follow-up examination. In contrast to
static imagingmethods, which oftentimes provide an image
where anatomic features (such as the position of the IS) are
shown at an average location across the cardiac cycle, 2D
pcMRI allows the acquisition of several separate images
(typically 12-20) during the cardiac cycle. Image data ac-
quisition is synchronized to the cardiac cycle with parts of
each image acquired during one cycle. Typically 10 to 15
heartbeats are needed, therefore, the whole data acquisition
can be performed during one breathhold so as to eliminate
artifacts due to respiratory motion. As the image data
acquisition is synchronized to the cardiac cycle, only a
periodic motion also in sync with the cardiac cycle can be
correctly visualized. In contrast to cine cardiac imaging, 2D
pcMRI results in two kinds of images: one kind of image
displaying anatomical features (the magnitude image) and
another kind of image in which the gray scale intensity is
directly proportional to a velocity component (either in-
plane or through-plane) of the flowing blood (phase differ-
ence image). As IS motion is expected to be synchronized
to the heartbeat, 2D pcMRI is well suited for the charac-
terization of AD, as within one breathhold, information
about IS motion as well as information about true lumen
and false lumen blood flow may be obtained. In particular,
dynamic obstruction of branching vessels (such as renal or
mesenteric arteries) by the IS may be resolved and retro-
grade flow patterns due to dynamic obstruction may be
visualized. In this study, we focused on quantifying IS
motion from the magnitude (ie, structural) images at the
time of the initial imaging examination and at times of
follow-upwhen the patients were referred to our institution
with symptoms raising concern for a possible negative
change in clinical status of the dissection.
Because these patients were followed serially by physi-
cians outside of our institution, and generally presented to
us for follow-up with complications, time intervals for
follow-up examination performed at our institution were
irregular; therefore, emphasis was given on distinguishing
group-averaged changes in IS mobility immediately after
treatment (at the first 10 days while the patient was still
admitted) and midterm changes obtained during outpa-
tient follow-up examinations performed 60 to 324 days
after the initial MR examination. Our objectives in this
study were to present a clinically applicable approach for
understanding the natural history of type B AD and IS
behavior over time. tETHODS
atient MRI image data
A retrospective database of 42 patients with type A and
ype B aortic dissections who presented to the Acute Aortic
reatment Center of the Methodist DeBakey Heart &
ascular Center between July 2008 and December 2009
nd underwent dynamic MRI examinations were evalu-
ted. From these patients, 10 type B AD patients had
eceived an MRI examination that included 2D pcMRI.
his data was separated into three classes: initial presenta-
ion (n  10), short-term follow-up (mean, 6.6 days;
ange, 1-10 days; n 7 out of 10), and midterm follow-up
mean, 155 days; range, 60-324; n  5 out of 10). For
hree patients out of 10, imaging data was available at
hort-term and midterm follow-up.
D pcMRI image acquisition
During the initial dynamic MRI examination, in all
atients a set of 2D pcMRI images were acquired in an
blique axial orientation at the location of the diaphragm
Fig 1). A detailed description of the image acquisition can
e found in the Appendix, A.1 (online only).
For the follow-up examinations, the location of the 2D
cMRI acquisition was reproduced by inspection of the
nitial 2DpcMRI images.
S motion quantification
IS motion was quantified with an image postprocessing
lgorithm reported previously.8 More details of the techni-
al aspects of the algorithm can be found in Fig 2 and the
ppendix, A.2 (online only).
Maximum IS contraction was then determined as max-
mum negative displacement, and maximum IS extension
s the maximum positive displacement of all boundary
oints belonging to the IS. The average IS motion was
efined as the average over all boundary points at a given
ime point. Correlation of IS average motion with the TL
ortic flow waveform was calculated using the Pearson
orrelation coefficient. IS fraction moving in phase with TL
ortic flow was calculated by counting the number of
oundary points with positive displacement for antegrade
ow and negative displacement for retrograde flow.
S motion analysis
Individual motion parameters. IS motion parame-
ers as defined above were quantified for each of the 10
atients at their initial presentation and at follow-up. In the
rst part of the analysis, a linear regression was performed
ith the values from all patients for maximum IS extension,
aximum IS contraction, correlation of average IS motion
ith TL aortic flow, and fraction of ISmoving in phase with
ortic flow vs time of MR examination.
Group-averaged IS motion parameters. In the sec-
nd part of the analysis, the change in IS motion (extension
nd contraction) relative to baseline was calculated for each
atient (if available) and sorted into two groups: (1) short-
erm follow-up examination (mean, 6.6 days; range, 1-10
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Volume 55, Number 5 Karmonik et al 1421days; n  7) and (2) midterm follow-up examination
(mean, 155 days, range, 60-324; n  5). A detailed list of
the times of follow-up for each patient can be found in the
Table.
Statistical analysis
All statistical analysis was performed with Excel version
2007 (Microsoft Inc). P values were calculated using a
one-tailed unpaired (homoscedastic) Student’s t test. For
linear regression, P values were calculated according to
Karmonik et al.9
RESULTS
Individual IS motion parameters. At initial presen-
tation, all four IS motion parameters (IS contraction, IS
extension, IS motion correlation with TL aortic flow, and
IS fraction moving in phase with TL aortic flow) exhibited
large variations (Fig 3, Table). Linear regression results
showed the following trends: IS contraction diminished
(R  .16, P  .23) while IS extension remained the same
(R  .07, P  .37). Correlation with TL aortic flow
diminished (R  .08, P  .360) while fraction of IS
moving in phase with aortic flow increased (Fig 3,R .30,
P  .08). The reduction of IS contraction points to a
Fig 1. Top, On left, selected sagittal images of a thre
imaging (MRI) scan showing aortic lumen hyperintense
lumen, as well as intra-arterial septum (IS) can be readily
posterior to the origin of the left vertebral artery. On rig
3D surface reconstruction of the aorta created from the 3
of two-dimensional (2D) pcMRI images is marked by re
in the cardiac cycle. Second image from left was acquired a
lower row shows phase difference images. Hypointense tr
systole can be appreciated, which diminishes at later ti
stationary tissue).stiffening of the IS as does the lower correlation of IS uotion with aortic flow. The increasing fraction of the IS
oving in phase with aortic flow may be indicative of a
ore ordered IS motion as may exist for a more rigid IS.
nly the fraction of the IS moving in phase with the TL
ortic flow seems to reach statistical significance (P .08),
owever, this result has to be considered with caution,
iving the low number of data points (n  24).
Group-averaged IS motion parameters. IS motion
t initial presentation was 0.68 0.2 mm (95% confidence
evel: 0.07) and was reduced at short-term (0.48  0.3
m, P  .07, 95% confidence level: 0.10) and midterm
0.5  0.2 mm, P  .1, 95% confidence level: 0.21)
ollow-up. From these results, it appears any change in
verage IS motion (i.e., reduction) occurs after initial treat-
ent. Relative change of IS motion was variable during
hort-term follow-up: reduced in three subjects (75 
%, 95% confidence level: 7%) and elevated in four subjects
48  23%, 95% confidence level: 22%). During midterm
ollow-up, relative change in IS motion was reduced in four
ubjects (28 19%, 95% confidence level: 18%) and slightly
levated in one (6.2%) (Fig 4). IS contraction at short-term
ollow-up decreased in five of seven patients, P  .33, and
t midterm follow-up in two of five patients, P  .38. IS
xtension increased in three patients at short-term follow-
ensional (3D) contrast-enhanced magnetic resonance
ive to surrounding tissue (patient 1). True lumen, false
eciated. Aortic dissections (AD) originated immediately
ortuosity of the aorta and the IS can be appreciated in a
ntrast-enhanced acquisition shown on the left. Location
are. Bottom, 2D pcMRI images at selected time points
time of systole.Upper row shows magnitude images and
men and false lumen marking high velocity flow during
oints (image intensity isointense with surrounding ie,e-dim
relat
appr
ht, T
D co
d squ
t the
ue lu
mes pp and in all five patients at long-term follow-up (P .06).
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but IS compliance decreased, suggesting increasing IS
stiffness.
DISCUSSION
Under the Stanford classification system, type A AD
involves the ascending aorta while type B AD originates
distal to the left subclavian artery. Type A dissections rep-
resent surgical emergencies, and require urgent operative
intervention. There is less agreement about the appropriate
management of type B AD. Traditionally, they have been
managed nonoperatively, and surgical intervention has
been reserved for complicated dissection, such as rapid
extension of the AD diameter or progression of symptoms
Fig 2. Top, true lumen (TL) boundary outlines for sub
initial presentation (upper row) and for follow-up (lower r
for the TL aortic waveform, where systolic flow is shown
below). On far right, segmented TL lumen (white) with
main axes of the angular coordinate system used to define
37 degrees as indicated by the straight black lines). Th
parameters (see below). Bottom, TL aortic waveform (TL
disp), IS extension (IS ext), IS contraction (IS cont), and I
are plotted vs time (cardiac cycle in seconds), whereas the
the angular coordinate system defined above as indicated
parameters are in mm. Correlation between TL flow and
aortic displacement (IS corr).and presence of ischemic syndromes despite optimal med- acal management (blood pressure control with -blockers).
utcomes for patients with type B AD are dismal regardless
f management approach, with postoperative mortality
ates exceeding 30%, and only one in five patients surviving
years despite optimal medical management.10
The management algorithm for type B AD has long
een optimal medical management except in the case of
omplex dissections and in the presence of complications.
horacic endovascular repair (TEVAR) has emerged as an
cceptable off-label treatment modality for aortic dissec-
ion. TEVAR repair in 17 patients with type B dissection in
ur center11 found 5.5% 30-day mortality and 12% mor-
idity. Postoperative complications included respiratory
ailure in 28% of cases, gastrointestinal symptoms in 11%,
at six selected time points during the cardiac cycle for
utlines are color-coded using the same color scheme as
d color tones and diastolic flow in black color tones (see
ented TL boundary (red). Straight lines in red are the
nsion of IS septum (here ranging from119 degrees to
e coordinate system was used to plot the IS motion
), IS boundary displacement during the cardiac cycle (IS
rage displacement (IS avg). The former three parameters
r three parameters are plotted vs angular location (using
e broken arrow lines). TL flow is in mL/s and IS motion
p was used to define correlation of TL flow with averageject 8
ow). O
in re
segm
exte
e sam
flow
S ave
latte
by th
IS disnd cerbrovascular symptoms in 5.5%. TEVAR might have
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siderable morbidity, with distinct patterns between mode
of presentation and anatomic extent. The Investigation of
Stent Grafts in Aortic Dissection (INSTEAD) trial failed to
improve 2-year survival and adverse events rates in 140
patients despite favorable aortic remodeling.12 A systematic
review or meta-analysis of midterm outcomes of TEVAR
repair of chronic type B AD found no certain benefit but
states heterogeneity in case selection and absence of con-
sensus in reporting standards as major obstructions for
Table. Intra-arterial septum (IS) extension (IS ext), IS con
(TL) aortic flow (IS corr), fraction of IS in-phase with TL a
IS ext (Mm) IS cont (Mm) IS
Init Mid Long Init Mid Long Init M
1 2.4 3.4 3.3 0.6 4.2 1.8 0.61 
2 3.3 2.1 1.9 2.9 1.8 3.3 0.56
3 3.7 — 3.9 2.0 — 2.1 0.86
4 2.0 2.4 — 4.2 2.1 — 0.48
5 0.9 2.2 — 2.5 1.6 — 0.64
6 3.1 3.5 — 0.8 1.4 — 0.88
7 4.3 — 1.4 2.8 — 3.4 0.72
8 2.0 1.9 — 1.1 2.3 — 0.86
9 3.3 2.7 — 2.9 1.1 — 0.07
10 0.5 — 1.1 0.8 — 2.8 0.54
Mean 2.5 2.6 2.3 2.1 2.1 2.7 0.62
Std 1.2 0.6 1.2 1.2 1.0 0.7 0.25
95% CL 0.7 0.4 1.1 0.7 0.7 0.6 0.15
Last three rows show mean, standard deviation (Std), and 95% confidence l
Fig 3. Plots with individual values for intra-arterial se
(B), IS correlation (IS corr) (C) and the fraction of IS
variability for all parameters can be appreciated at initi
long-term follow-up. Straight lines indicate results of
corr and IS in-phase; R values for IS ext and IS cont winterpreting midterm data.13 Utilization of dynamic imag- fng modalities with their potential to evaluate the diseased
orta on an individualized basis may be beneficial for rec-
gnizing disease heterogeneity and for homogenizing case
election. A prospective, nonrandomized, multicenter Eu-
opean Clinical Registry, the Virtue Registry, was designed
o inform on the clinical andmorphologic outcomes of 100
atients with type B AD treated with theMedtronic Valiant
horacic stent graft (Medtronic, Minneapolis, Minn). Pa-
ients with acute (n 50), subacute (n 24), and chronic
n  26) type B dissections will be prospectively followed
ion (IS cont), correlation of IS motion with true lumen
flow (IS in-phase), and average IS motion (IS avg)
IS in-phase IS avg (Mm)
Follow-up
interval
(days)
Long Init Mid Long Init Mid Long Mid Long
0.52 0.47 0.32 0.46 0.60 0.7 0.5 9 69
0.81 0.65 0.09 0.00 0.81 0.2 0.4 5 60
0.51 0.00 — 0.68 1.16 — 0.7 — 324
— 0.50 0.32 0.84 0.5 — 5 —
— 0.22 0.53 0.46 0.7 — 7 —
0.00 0.15 0.75 0.8 — 10 —
0.50 0.20 — 0.47 0.53 — 0.7 — 210
— 0.00 0.10 0.44 0.2 — 1 —
— 0.35 0.72 0.30 0.3 — 9 —
0.74 0.07 — 0.00 0.20 0.2 — 113
0.61 0.25 0.32 0.32 0.61 0.5 0.5 6.6 155
0.15 0.24 0.24 0.30 0.26 0.3 0.2 3.2 100
0.13 0.15 0.18 0.26 0.16 0.2 0.2 — —
5% CL).
(IS) extension (IS ext) (A), IS contraction (IS cont)
ving in phase with aortic flow (IS in-phase, D). High
sentation, which is reduced for the values obtained at
r regression. Moderate R values were obtained for IS
lower than 0.3.tract
ortic
corr
id
0.06
0.77
—
0.61
0.67
0.79
—
0.85
0.42
—
0.58
0.31
0.23ptum
mo
al pre
lineaor 3 years. First reports show a 30-day mortality of 8%, 0%,
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composite outcome (mortality, stroke, or paraplegia) was
16%, 0%, and 3.8%, respectively.14 In the Relay Endovas-
cular Registry for Thoracic Disease (RESTORE) trial,
safety and performance of the Relay stent-grafts in 91
patients with acute or chronic type A and type B AD (n 
76) were evaluated. Technical success rate was found to be
93% in B AD, type I endoleak rate was 7% (all in type B
AD), and two cases of paraplegia occurred in type B AD.
Thirty-day mortality rate was 13% in acute and 5% in
chronic AD; of note, all deaths occurred with type B AD.
Two-year survival rate was 84% in type B AD.15
Although IS stiffness is accepted as a marker for chro-
nicity of a dissection, changes in IS mobility over time have
not yet systematically been investigated. In an in vivo study,
Wedding et al demonstrated the feasibility of cine phase
contrast MRI for measuring the velocity of the aortic wall
and calculated changes in circumferential strain over the
cardiac cycle.16 Ultrasonography is the gold standard in in
vitro experiments on a deformable vessel phantom and was
used to confirm the results.16,17 This method was further
validated in the porcine thoracic aorta in vivo model where
the motion of implanted markers in the aortic wall was
tracked to validate the results obtained with MRI.18 These
studies demonstrate the reliability of 2D cine pcMRI for
quantifying aortic wall motion in vivo. The first results
presented here indicate that IS motion may be reduced over
time, reaching statistical significance at midterm follow-up.
Interestingly, we find that the mean value for the average IS
motion is similar for short-term and midterm follow-up. A
recent study by Stanley et al investigating 23 patients with
TEVAR repair of type B AD (eight acute, 15 chronic)
reports that the ability of the endograft to significantly
increase the true lumen volume as a percent of the total
aorta most accurately predicts postoperative false lumen
thrombosis.19 This might imply that TEVAR treatment
should be performed early on, as a stiffened septum is
considered to result in a less optimal graft-wall apposition.
The large observed variability in the results for the IS
Fig 4. Intra-arterial septum (IS) motion (ISM) relative to base-
line for short-term (blue) and midterm follow-up groups (red).
While a large variability existed during short-term follow-up
(which is reflected by the large spread of the blue symbols in the
figure), only one subject showed a moderately elevated increase in
ISM (arrow) while ISM for the remaining three was decreased.motion parameters reflect the heterogeneity of AD and their potentially variable outcomes. Individual evaluation
f each patient by a detailed dynamic imaging study may
herefore be necessary for a deeper understanding of IS
otion and blood flow dynamics. Variable behavior at
resentation and short-term also indicate that basing man-
gement on our current definitions of acuity and chronicity
ased on time since presentation alone may not be reason-
ble. These patterns could determinewhich patients aremore
ikely to benefit from interventions and which are likely to
ave poor outcomes from TEVAR. Although the findings
o nothing to specifically support a new paradigm to in-
lude TEVAR as a treatment modality, there is support for
new paradigm defining suitability for TEVAR repair based
n characteristics of the dissection from dynamic imaging
nd not based on timing.
In addition to MRI, other investigators have reported
he use of ECG-gated CTA for imaging AD. Bolen et al
ecently reported dynamically changing perfusion to a
ranch vessel in a type B AD using 4D ECG-gated CTA.20
n a review article, Fleischman et al elaborated on the
dvantages of gated CTA compared with ungated imaging
or assessing acute aortic syndromes, such as AD, intramu-
al hematoma, penetrating atherosclerotic ulcer and rup-
ured/leaking aneurysms,21 similar to an earlier review
rticle of Manghat et al.22 The emphasis of these reports
as on improving diagnosis and reducing motion artifacts.
TA imaging yields excellent contrast-to-noise ratio for the
ortic lumen and its spatial resolution; while comparable to
RI methods, it is still superior (slice thickness in the order
f 1.25 mm). Using gated multislice CTA, Murayama et al
nvestigated pulsatility in AD by quantifying true lumen
rea changes in the axial CTA images and concluded that in
D, pulsating-type is more common if in the acute phase
rom onset or if the entry is not located at the distal-portion
f descending-thoracic-aorta with retrograde flow in false
umen thrombosis.23 However, the effective estimated ra-
iation dose of 128 slice triple rule-out gated CTA for
xcluding AD, pulmonary embolism, and acute coronary
rtery syndrome was recently reported to ranged from
.4-13.4 mSv and from 10.1-17.5 mSv for men and
omen, respectively, for retrospective triggered acquisi-
ions and from 5.9 mSv and 8.2 mSv for men and women,
espectively, for prospectively triggered CTAs.24 While
hese doses are quite acceptable for single examinations, it
ay be less suitable for longitudinal studies with many
epeated examinations. Therefore, already early on, inves-
igators have explored the feasibility of MRI for imaging of
D. In 1999, Nitatori et al evaluated a single-shot MRI
echnique (yielding an image in a very short time interval of
everal milliseconds, therefore, not requiring cardiac gat-
ng) for the improved detection and diagnosis of AD. The
uthors reported good results for the abdominal aorta, but
ound the image artifacts too large for imaging the thoracic
orta with this particular technique.25 Recently, new 4D
cMRI techniques have gained interest for evaluating flow
atterns in AD. Amano et al employed this technique to
tudy deviations from helical flow patterns in three chronic
horacic AD in their preliminary investigation.26 Muller-
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patient with type B AD using the same technique.27 Ultra-
sound methods have been reported less frequently in the
diagnosis of type B AD. For example, Kamberi et al have
reported on the advantages of transesophageal echo cardi-
ography for diagnosing AD in their study of 11 patients
(seven patients with type A AD and four patients with type
B AD).28
An inherent limitation in our approach is the spatial
resolution with which the 2D pcMRI images were ac-
quired. Even after interpolation, IS contraction or exten-
sion can be reliably measured only if in the order of the
image resolution. While it might be argued that only large
IS motion (potentially causing dynamic obstruction) may
be of importance, the influence of limited spatial resolution
has to be kept in mind when performing quantitative
comparisons. Further, although the septum boundary was
determined by a largely automated image postprocessing
algorithm which is expected to reduce intra- and interob-
server variation, their influence on the measurement vari-
ability still needs to be quantified.
One important question that remains is what then is the
critical time frame at which intra-arterial septa appear to
stiffen. Our results for the IS motion point to a large
variability with almost the same results for the mean IS
motion at short-term and midterm follow-up. In this re-
spect, it might not be possible to determine a generally
applicable time frame for the stiffening of the IS for all
patients. Instead, it appears that such a time framemight be
strongly patient-dependent, for instance, some of our pa-
tients showed an elevation of IS motion during short-term
follow-up while in others we found a reduction. Clearly,
more imaging data at regular (and perhaps also shorter)
time intervals is needed to address this question.
Limitations. The majority of patients in the current
study were followed on a routine basis by outside primary
care physicians or cardiologists, which is consistent with
our usual practice for patients with type B AD. They,
therefore, did not receiveMR imaging follow-up at regular,
predetermined time intervals (although in follow-up phone
questionnaires, most had undergone serial CT examina-
tions for surveillance.) Those with short-term follow-up
generally underwent secondary imaging during the same
admission, while midterm imaging was obtained for pa-
tients referred back to our center at a later date. As such,
our data is limited to a small cohort of only 10 patients,
which limits the power of our statistical analysis despite
the observed statistical significance. A much larger and
more robust series is necessary to better understand what
specific criteria should define chronicity, and our current
practice is to recommend repeat MRI at 3-, 6-, and
12-month intervals.
CONCLUSIONS
Outcomes for patients with type B AD are poor, and
optimal treatment modalities for subpopulations within
this cohort have not yet been fully elucidated. Dynamic
pcMRI is a technology that has not been fully exploited for
1ts ability to aid in evaluating the diseased aorta. By dem-
nstrating our ability to quantify IS mobility as well as its
hanges over time using this imaging modality, we believe
here may be a new avenue for defining the chronicity of a
issection, not by an arbitrary duration of symptoms, but
ather by examining the behavior of the diseased aorta
tself. This change in definition may have important impli-
ations for determining suitability for TEVAR, though
ore vigorous study of this process must be undertaken for
hat impact to be understood.
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A.1 Image acquisition. During the initial dynamic
MRI examination, in all patients a set of 2D pcMRI images
(TR 41 ms, in-plane resolution 1.17  1.17 mm, slice
thickness 5 mm, one breathhold, on a Siemens Avanto 1.5
T human MRI scanner [Siemens, Erlangen, Germany])
consisting of magnitude images (no flow sensitivity encod-
ing) and phase difference images were acquired in an
oblique axial orientation at the location of the diaphragm,
oriented in a plane perpendicular to the long axis of the
aorta (a requirement to accurately determine volumetric
flow rates). The velocity encoding value (VENC), which
corresponds to the maximum expected blood velocity, was
initially chosen as 150 cm/s and adjusted to minimize
artifact or low contrast.
For the follow-up examinations, the location of the 2D
pcMRI acquisition was reproduced by inspection of the
initial 2D cMRI images. The 2D pcMRI images were then
transferred to an off-line workstation equipped with Im-
ageJ (version 1.43 u) for further processing.
A.2 IS motion quantification. The algorithm for
quantifying IS motion consisted of the following steps9:
1. After fourier-bandpass filtering the magnitude 2D
pcMRI images to reduce image inhomogeneities due to mow variations (small spatial frequencies) or due to coil
nhomoneneities (large spatial frequencies), images were
ubjected to a median filter (chosen because its capability
f edge perservation). The boundaries of the TL were
hen segmented by single value thresholding (Fig 2, a).
f necessary, the automatic segmentation was corrected
anually.
2. The volumetric flow rate in the TL was calculated for
ach time point by multiplying the area of the segmented
L (from step 1) with the average velocity from all voxels
ithin the aortic TL (Fig 2, bottom). TL aortic flow infor-
ation was utilized (as described in step 3) to define the
aseline time point for the IS motion.
3. The baseline time point was defined as the time point
ith minimal flow. Themotion of each boundary point was
etermined by subtracting the position of the boundary
oint at each time point from its position at baseline relative
o the aortic center of mass. In this way, aortic center
otion was separated from bulk aortic motion.
Maximum IS contraction, maximum IS extension, av-
rage IS motion, correlation of IS average motion with the
L aortic flow waveform and IS fraction moving in-phase
ith TL aortic flow was then calculated as described in the
ethods section in the text.
